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After reading this unit you will be familiar with the following, :

: o e i “whe cat producty .
IFhe types of wheat, structure of wheat grain, milling of wheat, wheat producs ang

.
functionality of wheat flour components,
° Milling of rice, methods of parboiling rice, traditional and processed rice products,
. Maize milling and maize products
. Smaller millets like ragi, jowar, bajra, oats and barley and so on.
T —
1.2 INTRODUCTION

Cereals and millets are major food grains used as staple. They form a major portion of dje
m many populations supplying almost 60-70% of dictary energy. Growing of cereals as a food
crop significs the beginning of cultivated agriculture to mankind. This most probably could haye
been dueto excellent storage stability of (hese dry grains which provided food sceurity Lo otherwise
nomadic socicty of hunterers and gatherers. Cereal grains and millets belong (o the grass family,
The word cereal is derived from ‘ceres’, the Roman Goddess of grain. The principal cercal crops
arc rice, wheat, maize, jowar, ragi and bajra. The relatively bland taste, pleasant fTavor, good
yield, low cost of cereals and casc of incorporating (hem into varicd products has made them a
popular food item. Millets, though grown and used in lesser quantitics compared to cereals, are

equally nutritious and can replace cereals in dicts.

Structurally all cereal grains consist of three different portions, namely bran, which is the
outermost layer of the grain, endosperm, which is the inner starchy portion and (he germ or the
embryo. The relative proportions of (hese differ depending upon the type of grain. These structural
features are common 1o al] grains and form the basis of subsequent milling and other processing

operations. For most food uses, processors remove the hulls whicly are largely indigestible by

[

man, the bran layer, which may be dark in colour, and coarse in exture due (o high fiber content
and the germ which is high in oil, js enzymatically active and can cause rancidity in the milled
flour. Many a times the isolated bran fractions arc added back to preserve (he nulr.ili\'c value. All
cereals share a general similarity in composition and nutritiona| properties, composed principally
of starch followed by protein and lesser amount of'lipids and non starch polysaccharides .

Most of the cereal grains need (o undergo dehusking op milling or o before they can be
- o ’ <
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used in any product. This is called as primary processing. Since each cereal has a different size,
n————=g N % " . .
shape, hardness, and end uses, they Fequire different processing techniques. We will discuss about

the important aspects of processing of cereal grains and millets.

1.3.  WHEAT

Worldwide, wheat is the most abundant food crop and essentially equal to rice in the
amounts harvested. Itis believed to be oldest food crop to have been milled at least 75,000 years
ago. Itis used as a base ingredient for preparing many types of products. Have you ever wondered
why we can not make chapatis with rice flour or ragi flour? Can you roll out the rice or ragi dough

like wheat dough? Wheat is unlike all other cereal grains and unique in several respects —

. It can form cohesive dough with viscoelastic properties. Other cereals do not form viscoelastic
dough.

° It can retain gas; hence can produce light, leavened products.

It sets into a semi rigid structure on application of heat, thereby providing shape and texture

to the product.

Because of these unique properties wheat can be used in making many types of

products - baked, fried, roasted, leavened, unleavened, fermented etc. And it is not possible to

produce these products using other cereal flours.

1.3.1. Types of wheat

Worldwide many varieties of wheat are grown. They differ in their composition and
suitability for incorporation into products. Most of the wheat grown for bread and a wide variety
of other baked products is common wheat (7riticum vulgare or Triticum aestivum) while a closely

related species Triticum l{l_l_l_‘_tllil is used for pasta products and breakfast cereals. Commercially

three genetic types of wheat are grown as given below —

Variety Type Uses
1. Common wheat Hard Bread
Soft Cookies, crackers and cakes
2. Durum wheat Har& Pasta products
3. Club wheat Very soft Tender cookies
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- vioher in protein, yiclds a stronger floy,
In comparison with soft wheat, hard wheat is higher in protetn, 3 f wheatis| b ang
. | trast, solt wheat 1s loweap.:
1S used for bread making because it gives a strong elastic dough. In contre . er}
. ) - < and 1s suitable for cakes, biscuyj
protein. yields weaker flour, forms weak dough or batters and 18 sml‘l.bk' ‘ g ang

cookies.

7 - .
L.3.2. Structure of wheat grain

.
Wheat grain consists of bran (14%), germ portion (2.5%) and endosperm (83%),
Endosperm is covered witly aleurone layer, which is separated with bran. En.dos.p NP
smaller and larger starch gr‘é}l«{ﬁé-é embedded in a protein matrix. Germ portion is Tich in hplds
and vitamin E.

Structure of wheat grain

1.3.3. Milling of wheat

Traditional milling of wheat is done using plate mills, which gives whole wheat

flour. Modern milling consists of separation of bran and germ from the endosperm ang reduction

of endosperm to fine flour, Milling conditions are adjusted to the type of wheat; the basic steps

involved in milling are —
1. Cleaning and washing of wheat

2. Conditioning of the grain to desired moisture conten by the additjon of water to make the

bran and germ pliable, thus reventi o ! '
g plic p 1ting them from getting pulverized and

3. Breakingofgrainin4 ors$ stages.
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The wheat as received from the grower is first thoroughly cleaned, and then conditioned
with .\\.'nlcr to 14 I 7% moisture depending upon the variety of wheat to get optimum griﬁ'ding J
conditions. Milling involves a progressive series of grinding followed by sieving. First set of
rollers break open the bran, and free the germ from the endosperm. The second and third roller
further pulverize the rather brittle endosperm and flatten out the more semi-plastic germ. The
flakes of bran and flattened germ are removed by the sieves. The pulverized endosperm is run
through successive rollers to get fine flours which also gets sifted with each grinding to remove
the traces of bran. The range of yicld of milled wheat fractions can be as follows — refined flour
and semolina - 68-72%, resultant wheat flour - 10%, germ - 1-2% and bran - 18-20%. Many-typés
of semolina {lour can be obtained with different varieties of wheat and péﬁicie size. Each type of

semolina is suitable for preparing certain types of products.

Milling quality of wheat is influenced by the inherent characteristics of the wheat kernel.
These could be size and shape of kernel, amount of bran and endosperm, hardness and structure
of endosperm, structure of bran, separation capability of endosperm and bran, ash content of
different fractions of grain, moisture tolerance during conditioning, extraction rate of flour and

grit, etc. Additional treatment can also be given to milled flour using additives like maturing and

bleaching agents for a desired quality characteristics in the end product.

It is also possible to mill the wheat flour to get high starch or high protein fractions. This

e e e e et

is achieved by ‘turbomilling’. Here, the flour is ground in special high speed turbo grinders

| which causes pz;tni;;*lcz—s”t@éafe out depending upon their size, shape and density, thus separating
protein and starch fractions. Starch fractions tend to settle at the bottom whereas protein fractions
tend to float. These are further removed by using EEM&H_ force and a stream of air. Turbomilling
is extremc]y useful for processor since flour can be blended in any ratio desired for optimum

quality. Thus from one varicty of wheat, strong or weak flour can be obtained.

¢
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4. Wheat products —

Milled wheat products

a.  Refined flour (m‘“(‘iﬂ) — fine endosperm flour used for bakery products like breads, biscuits,
cakes, buns, etc., fried snacks and unlcavened breads,

b. Sem(?lma-— coarsely ground endosperm used for manufacture of macaroni products such as
vermicelll, noodles and large number of traditional sweet and savory products

8 Resultant wheat flour — similar to whole-wheat flour, can be used for chapattis.

d.  Germ-—can be separated and used for industrial purposes (pharmaceuticals and cosmetics)

e. _Bran — cattle feed, can also be used as a source of\dieta‘ry fiber.

Processed products

a. _B ult:a_r wheat —whole wheat parboiled and broken into shreds, cooked and eaten as breakfast

‘porridge -

b. Malted wheat — enzyme rich flour used in  brewing 1ndustry, preparation of ma]t extract for
pharmaceutlcal purpose, for reducmg bulk density of weaning food preparatlons Malted
wheat flour is prepared by soaking whole-wheat grain for 30 ] hours in water, germinating in
humid conditions for 2-3 days, drying to about 13% moisture content and grinding.

c.  Macaroni products —these include macaroni, spaghe‘m vermicelli and noodles. Semolina
from hard variety of wheat is used. It is made into a stiff dough, passed through dies of
different shapes and dried. It needs to be cooked in boiling water for a short time before use.
Noodles also have egg solids added to the dough. Desired flavorings are added to the product.
Precooked ready-to-eat products are also available.

d. Fortified flour — A primary fortified product enriched with minerals is available for use in
everyday cooking. '

e. Baked products — varieties of breads, cakes, biscuits etc. are made using maida or whole-
wheat flour.

£, Unleavened breads - many types of traditional breads like chgpati, poort, 11§n are also

made.
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r common product made out of refined wheg

. are anothe
Snack items —dcep fat fried snacks arc

flour. . _ 7 Kine
also used as a base ingredient for making Many
[¢

h. Confectionary - Wheat flour semolinais

traditional sweet meats. |
1 Iso made using wheat.
Breakfast cereals — precooked flaked ready-to-cat cereal items are a g
dil« o

i 1ed wh
Dehydrated products — dehydrated preserved products are also made using refin cat

flour. Traditionally they are sun dried and stored.
1.3.5. Composition and functionality of wheat flour components

a.  Proteins — Wheat contains 11% protein which is divided into non-gluten and gluten protein.

Non-gluten proteins are albumins (6-12% of total), soluble in water a{l.giF globulins (5-1 2:_’4.\ )

% of total) soluble in se.lltwso\lu_tio_ns. Wheat is unique in its properties because of presence of
gluten proteins. Gluten forms 90%
— gliadin and glutenin. Gliadig__i_s soluble inralcohpl a _
m;c?e/up of small spheri‘c-;]%;dies and glutenin has elongated structure. Both of them when
hydrated, associate together to form a network with intra and inter molecular hydrophobic
and hydrog_e,x_)‘ bonds. This results in a cohesive, elastic mass that can hold gases and on

of total wheat proteins and is a mixture of two components
nd glutenin in dilute acids. Gliadin is

b.  Lipids— Wheat kernel contains about 3% hplds and wheat flour contains about 1.8% Most

% of itis bound to gluten and can be extracted with crude gluten. Lipids are Important for [oaf
volume, crumb texture and retard staling in baked products,

¢. Carbohydrates — The majp, CHO of flour s starch, which forms aboyt 66-68% of flour. In
addition, sugars (glucose, maltose and sucrose) are present to tlw\ej\'t‘ei{tm&;f‘ 1 E)\Iﬂ6.°/
){ hemicellulose, 2.3-2.5% and cellulose, 0.3%. On applic .0-1.6%,
starch takes up water and g partially gelatinized, Hemicellulose have great water holdi
ggpggity, hence they contribute to doy gh stiffhess l;y\p1~é\;é11till p_—" -
| help in crust browning and deVdOpmem of flavours, —_—

ation of heat in wheat products,
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1.4, RICE IS more ¢
worlc
s in the ¢ usc. This is one
: Sl\(/d bC[Ol Cer, Qa]

, products are ava”ah]

Rice is the largest staple an
also envelopeg ; in
q

Asian countries. It is grown as pi ldd\’ [y many Pr
111 «
= 1e rice kernel 18

ol
where most of it is used as a wholc ¢ grain. Alth b 11
. jce gre _
the most widely used is in the form of cooked T of ricc grain is as follows
) e ofructurc
hull and needs to be dehulled before use I'he struct
Alcurone
Subaleuron Husk
Pericamp . pericarp
Aleurone
Endosperm

Bran
Endosperm
Germ

Structure of rice grain

1.4.1. Milling of paddy
Milling of paddy is done to dehusk the grain and remove the brown coating of bran to get
husk, which is used as fuel for industries, 65 e ofrice andS

thne colored rice. Paddy yields 22%
8% 0 of bran. The extent of bran removed depends upon degree of polishing. In hlghly pollshed

rice, all the brown layer is removed along with some endosperm

a. Fradlnonal hand poundmg — traditional hand pounding of paddy, done with a wooden staff
removes onI y the husk portion, whereas the brown colored bran layer 1s retained. Brown

rice is highly nutritious butkeeping quality is low and broken grains are more thus decreasing

yield. The cooking quality of brown rice differs from that of highly polished white rice It

ime to co i e B .
takes more tim ok and the texture is firm and grainy.
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b. Mechanical milling —

. - E’ngb.l.'!.g_,',_"_"JF,’:; the Engelburg huller is the simplest of the rice mills. It was the
first mechanical milling system introduced during the carly part of this century. [tis a
sturdy machine, simple to operate and can even mill small quantitics of paddy. There
arc about 86,000 units around the country. It consists of a cylindrical rotor fitted in a
. housin_‘c'~ Bottom half of the housing is fitted with a semi circu.lzl; ;,llcci. Ihcmtor is
driven by a motor and dehusks paddy by abrasive action. High degree of abrasion is
used to remove husk and bran in a singlc operation to reduce the amount of residual

paddy. The disadvantages of such a system is that the valuable by-product bran is

contaminated with husk, hence cannot be used and yield is low (broken grains are

more). However. it is possible to employ two scparate operations in this unit to dehusk

and polish rice so that pure bran can be obtained.

11.

Double huller — it consists of two hullers, mounted one below the other, on a common

stand with gravity flow arrangement for products to move from first to second huller.
Husk is removed by aspiration at the product outlet points of both the hullers to reduce
contamination from bran. The bran and pulverized husk mixture of the second huller

is automatically sieved through a vibrating sifter screen provided below the second

huller. Double huller yields relatively pure bran.

iii.  Mini rice mill — a full scale mini rice mill has been designed by CEFTRI, which can
TTTTTTT—

ha?dlééﬁO-SOkag paddy per hour. The mill gives 2% extrarice yield (for raw paddy)
and less broken rice over huller mills and bran entirely free from husk. Degree of
1be adjusted as desired. It consists of a vibratory cleaner for cleaning paddy,

polish car
a centrifugal sheller for shelling (dehusking), a husk aspirator for aspirating the husk

produced during shelling, paddy separator to separate paddy and brown rice obtained

from the sheller, and a huller (as polisher) to polish the brown rice. Paddy separated in
the paddy separator is fed back to the sheller for shelling, while brown rice goes for

polishing. The bran and husk obtained in this mill are both pure.

—

1.4.2. Rice bran
product of rice industry. It is a rich source of

Rice bran is a highly nutritious by-
rice bran can be used to

% fat (20-22%), protein (12-14%), B-complex vitamins and minerals. Pure
de ality. However, rice bran is highly unstable because ol presence

extract edible grade oil of good qu

11
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an be achicved by using heat
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an be used for extrd

of lipase, which ¢
temperatures (cold storage,
concentrated hydrochloric acid). St
parboiled rice is stable for 15 days becausc

abilized bran ¢ r
S
it undergocs process O

parboiling.

1.4.3. Parboiling of paddy

common in Kerala, coastal arca of Kamataka’
roduced in the country
olving water apq

The consumption of parboiled rice is very
West Bengal and hilly regions of Northern India. Almost 50% of paddy p

nv
used as parboiled rice. Parboiling is dJl}’lethGI’lllﬂl process, 1. i.e., atechnique i

heat, where paddy is partially cooked. This is accomplished Mln steaming, drying a_r&

milling the rice. The parboiling process is to produce physical, chemical and organoleptic

‘modifi cations in the rice with economic and nutritional advantages. The starch gets Ppartially
‘—\\\‘

gelatinized during heating and protein solubility is altered.

The objectives of parboiling are —
a) Increase total yield of paddy
b)  Prevent loss of nutrients

¢)  Salvage wet/damaged paddy

d)  Preparerice according to consumer’s requirements.

The advantages of parboiling are —

a)  Moisture content in the ¢ grain is lowered 10 10 11 %, hence it stores better.

1.4

storage is prevented. This is true boy for the grain md for the b
\ ran.

c Itis 1
) | a dry, hard grain hence f; ungus and insect altacks are prevented
¢ ented.

d) On dehuskin ishi .
g and ])OllShlng [)al'bOllCd paddy, llle bran COl]t’liI]S l Wh cn can
' Ld more Oi ) 1 1

extracted well, and it jg stabilized

e) Water-soluble vitamin i
1S and mine di b
Imerals re ISlIl ute | 1n the ar am hen | n
CeE losses ar c 1€SS€I‘ dllIl g
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Processed rice products —

a.

Accelerated aging (aged rice) — since old rice has a better cooking quality, new rice is aged

by a process of steaming and drying to give it characteristics of old rice.

Brer‘?krlvast cereals —rice can be converted to flakes, which are used as breakfast cereals.

—_—

Extruded products — rice can be extruded as noodles or vermicelli, which can be used after

I ——

rehydration.

Weaning foods — precooked, dehydrated rice is processed to weaning foods

Fermented foods —rice is used for preparation of fermented beverages, sauces etc.

Enriched rice — rice can be enriched or fortified with vitamins by coating it with a mixture

of desired nutrients.

Quick cooking rice — quick cooking rice or instant rice is available, which only needs
reconstitution with hot water.

Canned rice - ready-to-cat rice and rice preparations can be canned

Preserved products - many dehydrated rice wafers are prepared which are used after deep
fat frying. Like papads, they can be stored for a long time.

Rice bran - by product of rice milling can be used for edible purposes. At present most of it
is used for cattle feed.

Rice bran oil — Oil is extracted by solvent extraction from rice bran and sold as edible oil.

This oil has cholesterol lowering property due to presence of unsaponifiable fraction

“Oryzanol, hence is good for health.

1.3. MAIZE OR CORN
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eSS, These [ e, maltose and glucose giving syrups of varying
. > have
lique functiong| propertics and arc used in many processed products.

1.6. OTHER MILLpg ————
-5

1.6.1. Bnrlev

Barley ¢ Hom'cum \

s“----—ﬁ
the preparation of mal(
~ milled by abrasive

vulg
tIgare), is used ag pot barley, pearl barley or flour. Tt is mostly used in

and

{01 therapeutic purposes. For preparation of pot barley, grains are
and alcurone layer, further pearling (polishing) yields
an be ground to give flour,

: dctlon to Temove hyl)
pearl barley. These ¢

1.6.2. O'l_ts%

Nutrition: ) ;
onally oats (4 enabyzantinay are the richest cereal. For milling of oats, different

steps followed are, a) cleaning, b) drying or light roastnﬁtztot eddc"e moisture content to 6% and c)
dehulling. Dehulled

grains (oroats) are steamed and flaked to glve oat ﬂakes
1.6.3. Jowar

Jowar or sorghum (SorOhum vulgare) is used as a Staple in many states of west and south
_India. It is converted into flour or parched, pearled or ﬂaked Malting is also done.

1.6.4. Ragi

Also called finger mlllet (Eleuszne coracana), whole ragi flour is used as a staple in south

o e ST I T

India. It is a rich source of calcmm It is cooked as a dumphng or made into unleavened cakes.
Malted and popped products are also very common. Malted ragi is used for preparation of weaning
foods Rag1 is also bemg used for production of extruded products like noodles and vermicelli.
Pamal replacement of wheat flour in baked products Wlth ragi flour has also been tried and found

to be successful. Ragl can also be used for preparing dehydrated preserved products (papads)

1.6.5. Bajra
Bajra (Pennisetum typhoideum) is consumed after dehusking in cooked form like rice or

converted into flour and made into rotis. This millet can also be parched or malted.

19
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